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APPENDIX A - OZONE TOXICITY 
Car l ton  E.  Melton 
FAA C i v i l  Aeromedical I n s t i t u t e  
C h r i s t i a n  F r i e d r i c h  Schonbein, i n  1847, f i r s t  noted t h e  presence of 
an odorous gas near  e l e c t r i c  gene ra to r s .  He found t h a t  t h e  gas had 
t o x i c  e f f e c t s  on himself and experimental animals,  and named t h e  gas 
1 1  ozone" a f t e r  t h e  Greek word meaning " to  smell ." Over 130 y e a r s  l a t e r  
we a r e  s t i l l  t r y i n g  t o  determine what ozone does t o  l i v i n g  systems and 
how i t  does i t .  
Much of what we know about t h e  long-term e f f e c t s  of ozone on human 
h e a l t h  comes from the  e f f e c t s  of ozone formed i n  photochemical smog. We 
assume t h a t  t h e  e f f e c t s  of photochemical smog, a mixture  of ox idan t s ,  
a r e  t h e  same a s  t h e  e f f e c t s  of n a t u r a l  ozone i n  t h e  s t r a t o s p h e r e .  Much 
evidence i s  a l s o  a v a i l a b l e  from l abora to ry  experiments on humans and 
animals,  most of which r e l a t e  t o  t h e  a c u t e  e f f e c t s  of ozone. 
There i s  no doubt t h a t  ozone i s  extremely tox ic .  About 0.018 ounces 
of ozone i n  a 55 g a l  drum of a i r  (ca.  0.40 p a r t s  per  m i l l i o n  by volume 
(ppmv)) would be enough t o  cause symptoms i n  some people.  These symptoms 
would be n a s a l  dryness ,  cough, pa in  beneath t h e  breas tbone ,  perhaps 
headache, and a burning s e n s a t i o n  i n  t h e  t h r o a t .  Some people  may a l s o  
complain of eye i r r i t a t i o n .  
How does ozone produce t h e s e  symptoms? Current  concepts  t e l l  u s  t h a t  
we must look a t  t h e  molecular  b io logy  involved i n  o r d e r  t o  have some 
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unders tand ing  of ozone 's  e f f e c t .  E.1olecules a r e  made up of a g g r e g a t e s  
of a tomic n u c l e i  surrounded by o r b i t i n g  e l e c t r o n s .  These e l e c t r o n s  
e x i s t  i n  o r b i t a l  p a i r s ,  w i t h  the members of each p a i r  s p i n n i n g  i n  
o p p o s i t e  d i r e c t i o n s .  T h i s  o p p o s i t e  s p i n  c o n d i t i o n  produces  s t r o n g  
coupl ing  between t h e  e l e c t r o n s .  When a l l  o r b i t a l s  have t h e i r  f u l l  corn- -., 
plements of e l e c t r o n s ,  t h e  molecule  i s  s t a b l e .  When an  e l e c t r o n  a c c e p t o r  
"' 
t a k e s  away an  e l e c t r o n ,  the e l e c t r o n s  a r e  uncoupled and a  r e a c t i v e  f r e e  
r a d i c a l  i s  formed. L i v i n g  systems a r e  c h a r a c t e r i z e d  by f r e e  r a d i c a l  
f o r m a t i o n  w i t h  an  o r d e r l y  e l e c t r o n i c  f low from a c c e p t o r  t o  a c c e p t o r  u n t i l  
f i n a l l y  t h e  e l e c t r o n s  a r e  passed  t o  oxygen. 
When ozone (0 ) b r e a k s  down i n  w a t e r ,  as i n  t h e  body, i t  forms a  3 
hydroxyl  (OH.) f r e e  r a d i c a l .  T h i s  i s  a  powerful  e l e c t r o n  a c c e p t o r  and 
makes o t h e r  f r e e  r a d i c a l s  of e l e c t r o n  donors .  These a r e  a b e r r a n t  f r e e  
r a d i c a l s  and do n o t  f i t  t h e  normal o r d e r l y  f low of c e l l u l a r  energy .  T h e i r  
d i s r u p t i v e  e f f e c t  produces  m e t a b o l i c  d i s t u r b a n c e  t h a t  i s  r e f l e c t e d  i n  
a l t e r e d  c e l l  f u n c t i o n .  I f  enough c e l l s  a r e  a f f e c t e d ,  t h e  symptoms of 
ozone t o x i c i t y  w i t h  which we a r e  f a m i l i a r  a p p e a r .  I n  t h i s  r e g a r d ,  t h e  
e f f e c t s  of ozone resemble  t h e  e f f e c t  of i o n i z i n g  r a d i a t i o n  which a l s o  pro-  
duces  f r e e  r a d i c a l s .  R a d i a t i o n  i s  much more e f f e c t i v e  because  of i t s  
deeper  p e n e t r a t i o n  and widespread r o u t e  of e n t r y  i n t o  t h e  body. 
How much ozone w i l l  c a u s e  enough damage t o  produce symptoms? The 
pub l i shed  l i t e r a t u r e  t e l l s  u s  t h a t  normal  p e o p l e  a r e  g e n e r a l l y  n o t  a f f e c t e d  " 
by less t h a n  0.30 ppmv. At a  c o n c e n t r a t i o n  of approx imate ly  0.30 ppmv 
e f f e c t s  measurab le  i n  t h e  l a b o r a t o r y  b e g i n  t o  appear .  Between 0.30 and 
0.50 ppmv r e v e r s i b l e  symptoms n o t i c e a b l e  by t h e  a f f e c t e d  person beg in  
t o  appear .  Above 0.50 ppmv damage b e g i n s  t o  appear  t h a t  o u t l a s t s  the 
p e r i o d  of exposure .  Above 1 .0  ppmv s e r i o u s  damage b e g i n s  t o  occur w i t h  
s t u p e f a c t i o n  r e p o r t e d  t o  occur  a t  about  5.0 ppmv. Thus, t h e  c r i t i c a l  
d i v i d i n g  l i n e  between s e r i o u s  and mild  e f f e c t s  i s  about  t h e  0.50 ppmv l e v e l .  
We can l i s t  s e v e r a l  t h i n g s  r e g a r d h g  ozone t o x i c i t y  f o r  humans g leaned  
from t h e  l i t e r a t u r e .  (1) For normal peop le ,  the  b i o l o g i c a l  t h r e s h o l d  f o r  
ozone e f f e c t s  ( a s i d e  from odor)  p robab ly  l ies  between 0.20 and 0.30 ppmv; 
(2) E f f e c t s  are probably  f i r s t  d e t e c t a b l e  i n  b lood ;  (3) Symptoms n o t i c e a b l e  
by t h e  a f f e c t e d  p e r s o n  appear  between 0.30 and 0.50 ppmv; (4 )  Some peop le  
are more r e a c t i v e  t o  ozone t h a n  o t h e r s .  As thmat ics  and p e o p l e  w i t h  a l l e r -  
g i e s  commonly r e a c t  a t  lower l e v e l s  of exposure  than o t h e r s ,  young p e o p l e  
seem t o  be  more s e n s i t i v e  than o l d  p e o p l e  and smokers a r e  l e s s  s e n s i t i v e  
t h a n  nonsmokers; (5) I t  i s  commonly s t a t e d  t h a t  ozone i s  a n  e y e  i r r i t a n t .  
The consensus  from t h e  l i t e r a t u r e  i s  t h a t  i t  i s  n o t ;  (6) V i s u a l  e f f e c t s  
have  been demonstra ted i n  only one set of exper iments ;  ( 7 )  Adap ta t ion  t o  
ozone o c c u r s  b u t  t h e  mechanism i s  obscure ;  (8) Extrapulmonary e f f e c t s  
( o t h e r  t h a n  i n  blood)  may occur  b u t  t h e  mechanism i s  unknown; (9) The 
long-term e f f e c t s  of ozone on humans are n o t  w e l l  d e f i n e d ;  (10) E f f e c t s  
of ozone a r e  more dependent on c o n c e n t r a t i o n  t h a n  on d u r a t i o n  of exposure;  
(11) Good ev idence  e x i s t s  t h a t  f r e e  r a d i c a l  scavengers , such  as v i t a m i n  E, 
m i t i g a t e  t h e  e f f e c t s  o f  ozone. Not much e x p e r i m e n t a t i o n  h a s  been done on 
humans i n  t h i s  r e g a r d ;  (12) I o n i z i n g  r a d i a t i o n ,  h i g h  pressure oxygen, 
hydrogen p e r o x i d e ,  and ozone p robab ly  have s i m i l a r  bas ic  t o x i c  a c t i o n s ;  
and (13) No r e p o r t  of human d e a t h  from ozone exposure  h a s  been found 
i n  t h e  l i t e r a t u r e .  
F i n a l l y ,  i t  would f a c i l i t a t e  comparisons of s t u d i e s  of the b i o l o g i c a l  
e f f e c t s  of ozone i f  exposure  l e v e l s  were expressed i n  terms of mass p e r  
u n i t  volume i n s t e a d  of volume p e r  volume. The r e a s o n  f o r  this recommenda- 
t i o n  i s  t h a t  a t  v a r i o u s  a l t i t u d e s  t h e  amount of a i r  w i t h  which ozone i s  
mixed changes,  t h u s  changing t h e  volume p e r  volume r e l a t i o n s h i p .  Express ion  
o f  ozone l e v e l s  as mass p e r  volume Ong o r  pg p e r  c u b i c  mete r )  t r u l y  
e x p r e s s e s  t h e  b i o l o g i c a l  dose  r e g a r d l e s s  of t h e  a l t i t u d e  and r e q u i r e s  no 
c o r r e c t i o n  
